Quantum flux associated with a photon on the basis of the Heisenberg uncertainty relation  by Saglam, Ziya et al.
Results in Physics 6 (2016) 215–216Contents lists available at ScienceDirect
Results in Physics
journal homepage: www.journals .e lsevier .com/resul ts - in-physicsMicroarticleQuantum flux associated with a photon on the basis of the Heisenberg
uncertainty relationhttp://dx.doi.org/10.1016/j.rinp.2016.04.009
2211-3797/ 2016 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Corresponding author. Tel.: +90 312 3573242; fax: +90 312 3804868.
E-mail address: bboyacioglu@ankara.edu.tr (B. Boyacioglu).Ziya Saglam a, Bahadir Boyacioglu b,⇑, S. Burcin Bayram c, Ashok Chatterjee d
aDepartment of Physics, Faculty of Science, Aksaray University, Aksaray, Turkey
bVocational School of Health Services, University of Ankara, 06290 Ankara, Turkey
cDepartment of Physics, Miami University, Oxford, OH 45056, USA
d School of Physics, University of Hyderabad, Hyderabad 500 046, Indiaa r t i c l e i n f o
Article history:
Received 5 March 2016
Accepted 14 April 2016
Available online 20 April 2016
Keywords:
Magnetic flux
Heisenberg uncertainty
Bohr–Sommerfeld quantization
De-Broglie wavelengtha b s t r a c t
By using the Heisenberg uncertainty relation for a photon in a uniform magnetic field, we have shown
that the quantum flux is associated with a photon  hce . Applying the Bohr–Sommerfeld quantization argu-
ment for a photon, we have also shown that the uncertainty relation for a photon is exactly the same as
the uncertainty relation for an electron.
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Magnetic flux quantization has been known since London [1]
and Onsager [2]. It has been shown that the spin contribution to
the quantized flux is equal to  U02 depending on the spin orienta-
tion [3–5]. The quantized magnetic fluxes through the electronic
orbits in a relativistic hydrogen atom have been calculated on
the basis of the Dirac theory [6,7], Rutherford–Bohr model [8]
and Bohr–Sommerfeld model [9]. Also, it has been shown that
the flux change between the final and the initial states is equal
to U0 or zero [10]. This suggests that photon carries a flux quan-
tum of U0. It has been shown that the spin-dependent intrinsic
fluxes are Ue ð"Þ ¼  U02 and Ue ð#Þ ¼ U02 for an electron and
Ueþ ð"Þ ¼ U02 and Ueþ ð#Þ ¼  U02 for a positron [11]. The aim of the
present study is to calculate the quantum flux associated with a
photon on the basis of the Heisenberg uncertainty relation and give
the Bohr-Sommerfeld quantization argument for a photon.Formalism
If photon is a quantum particle then it should obey the Bohr-
Sommerfeld quantization condition as well. If we had an electron
instead of photon, the Bohr–Sommerfeld quantization conditionwill be pDr ¼ kdeBroglie, where kdeBroglie ¼ hp. When a quantum parti-
cle circles around its quantum orbit its wavefunction picks up an
additional phase h [12]. For an electron, h ¼ p, but for a photon
h ¼ 2p . Therefore the Bohr–Sommerfeld quantization condition
for a photon will be 2pDr ¼ k, where k ¼ 2pk . By taking the square
of each side one can get:
ðDrÞ2k2 ¼ ½ðDxÞ2 þ ðDyÞ2½ðDkxÞ2 þ ðDkyÞ2 þ k2z  ¼ 1 ð1Þ
Because of the isotropicity of space we can write ðDxÞ2 ¼ ðDyÞ2
and ðDkxÞ2 ¼ ðDkyÞ2, therefore Eq. (1) becomes 4ðDxÞ2ðDkxÞ2 ¼
4ðDyÞ2ðDkyÞ2 ¼ 1. Then, we obtain the uncertainty relation for pho-
ton as DxDkx ¼ 12 and DyDky ¼ 12, which are exactly the same as the
uncertainty relation for an electron.
Let’s introduce the Heisenberg’s uncertainty relation when
treating a photon (boson) travelling along the z direction. Thus,
the uncertainties Dkx and Dky along the x and y directions will be
~k ¼ Dkxx^þ Dkyy^þ kz^, where Dkx;Dky  k. Thus, the k^ vector spon-
taneously requires a thickness for a photon beam. Consequently,
we will have a cylindirical beam which follows a helical orbit with
the radius Dr ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðDxÞ2 þ ðDyÞ2
q
.
In the classical picture of a photon there is no magnetic field in
the z direction but in the quantum picture there is an additional
magnetic field D~B ¼ DBzz^ along the z direction:
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~k~E
kc
¼ DkE0
kc
z^ ð2Þ
where the (+) and () signs correspond to the right and left circular
helicity, respectively. To calculate the quantum flux of D~B through
the helical orbit, we first calculate the classical flux through one
loop (or cross section of the cylinder) then multiply it with the
number of loops [3]. The cyclotron angular frequency of this field
xc(DBzÞ ¼ eDBzm0c , during the cyclotron period Tc(DBzÞ ¼ 2pxcðDBzÞ, the pho-
ton with angular frequency x takes ðx=xcÞ loops around the cylin-
der. Accordingly, the quantum flux associated with a photon, Uphoton
will take the form:
Uphoton ¼ pðDrÞ2DBz xxcðDBzÞ ¼ 
hc
e
ð3ÞConclusion
We have shown that the photon carries a magnetic flux quan-
tum of  hce with itself along the propagation direction by using
the Heisenberg uncertainty relation, where the (+) and () signs
correspond to the right hand and left circular helicity, respectively.
Our results are in good agreement with the results obtained by
Saglam and Sahin [11]. Applying the conservation of energy and
the magnetic flux quantum for collisions, they showed that photon
carries a magnetic flux quantum of U0 ¼  hce with itself along the
propagation direction. We have also obtained an uncertainty rela-
tion for a photon which demonstrates exactly the same uncertainty
relation for an electron.Acknowledgement
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